Cervical epidural analgesia (CEA) is an analgesic technique, potentially useful for surgeries involving the upper body. Despite the inherent technical risks and systemic changes, it has been used for various surgeries. There have been no previously published systematic reviews aimed at assessing its clinical utility. This systematic review was performed to explore the perioperative benefits of CEA. The review was also aimed at identifying the rationale of its use, reported surgical indications and the method of use. We performed a literature search involving PubMed and Embase databases, to identify studies using CEA for surgical indications. Out of 467 potentially relevant articles, 73 articles were selected. Two independent investigators extracted data involving 5 randomized controlled trials, 17 observational comparative trials, and 51 case reports (series). The outcomes studied in most comparative studies were on effects of local anaesthetics and other agents, systemic effects, and feasibility of CEA. In one randomized controlled study, CEA was observed to decrease the resting pain scores after pharyngo-laryngeal surgeries. In a retrospective study, CEA was shown to decrease the cancer recurrence after pharyngeal-hypopharyngeal surgeries. The limited evidence, small studies, and the chosen outcomes do not allow for any specific recommendations based on the relative benefit or harm of CEA. Considering the potential for significant harm, in the face of better alternatives, its use must have a strong rationale mostly supported by unique patient and surgical demands. Future studies must aim to assess analgesic comparator effectiveness for clinically relevant outcomes.
Cervical epidural analgesia (CEA) involves the administration of local anaesthetics (LA) into the epidural space resulting in the blockade of cervical nerve roots. This can be achieved by directly accessing the cervical epidural space (CES) at the cervical interspaces, or alternatively, from an upper thoracic interspace with a catheter directed cephalad. In its function, it shares similar characteristics of epidural analgesia with its counterparts at lumbar or thoracic region; however, the use of CEA in present day anaesthesiology practice is relatively limited. First reported by used. 3 There have been no published systematic reviews in
English-looking at the clinical benefit of perioperative CEA and its relative effectiveness over other techniques. The literature is also unclear regarding the scope of its utilization, the rationale for its use and the appropriate surgical indications for which it can be useful. The primary objective of this systematic review is to assess the clinical benefit (relative effectiveness) of CEA in the perioperative period. Secondary objectives of this review include: (1) to look at the rationale for the use of CEA in the perioperative period; (2) method of use of CEA [sole anaesthesia technique vs analgesic adjunct to general anaesthesia (GA)]. Being comprehensive, the review also identifies the reported surgical indications for the use of CEA, the technique of identification of CES, systemic effects of CEA, and reported complications of CEA. Our preliminary search identified few comparative studies with homogeneity in surgical population and comparator techniques; hence, we did not aim to perform a meta-analysis. We set out to summarize our findings according to each outcome considered, along with summary tables by categorizing the study reports based on its methodology. With comparative studies we also aimed to summarize the results of its effectiveness. Within the discussion section, we also provide a summary of practically relevant technical considerations and systemic effects relevant to the use of CEA.
Methods

Literature search
We performed a thorough literature search involving Ovid Medline and Embase (1980 Embase ( -2013 databases to identify studies, which used cervical epidural analgesia or anaesthesia in a perioperative setting. Search terminology included: cervical analgesia; cervical epidural anaesthesia; cervical epidural; cervical neuraxial block. We also supplemented the above search with regional anaesthesia for breast, upper limb, carotid, airway and head and neck surgeries. Limits were applied to select only human studies. The obtained study reports were combined for a final list and imported to Refworks, and then checked for duplicates. Our search strategy is given in appendix 1.
Eligibility criteria, study selection and data extraction
We used the following inclusion criteria in our review. Types of Studies: all relevant studies, including randomized control trials (RCT), observational comparative trials (OCT) (cohort and case control), and case series or case reports (CR). Types of Participants: all human participants with no age restriction. Types of Interventions: all reports involving cervical epidural anaesthesia or analgesia, as related to perioperative use. Reports related to chronic pain treatment, or injections of cervical epidural steroid, or experiments on human volunteers were excluded. Two independent investigators (NM and AG) screened the final search results using study titles and abstracts for possible inclusion. Whenever necessary, the full report was screened, before deciding on exclusion. Whenever full reports were not available, authors were contacted. If the full report was not available, or if the article was not in English, the abstract of the report was utilized for relevant data extraction. Any disagreement was settled with the main investigator (HS) and a kappa agreement score was calculated.
Outcomes
The review does not aim to pool data, and hence the outcomes are reported as tables and important results are summarized.
Comparative effectiveness of CEA was planned to be reported as either proportion of patients with successful outcomes, or as mean scores with standard deviation. Other outcomes were captured as: 1) rationale for the use of CEA-by identifying the reasons provided for the use of CEA; 2) surgical indications for the use of CEA-by identifying the surgeries in which CEA was successfully used, and 3) mode of use of CEA-by identifying whether it was used only for analgesia or as a complete anaesthesia. Complications were noted as either technique related, or as a result of the blockade of cervical nerves. Technical parameters of CEA were noted in terms of patient positioning, loss of resistance and image guidance.
Data analysis and interpretation of findings
Studies were grouped into randomized controlled trials (RCTs), observational-comparative trials (OCT), and case reports or series (CRs). In individual groups, the extracted data was organized in a tabular form. Data extracted for the various, pre-specified outcomes were collated, interpreted and summarized in a narrative format.
Results
The literature search yielded 545 reports; after removal of duplicates, 468 were screened, after which, 388 reports were excluded during the initial selection of title and abstracts. Out of 80 reports, 74 were finally included for this review, shown in the PRISMA flow diagram (Fig. 1) . The kappa agreement score between the investigators for the selection was 0.8. A majority-72% (51/73), were either single case reports or case series. Among the comparative studies, five were RCTs, [55] [56] [57] [58] [59] with the rest (n=17) being either prospective or retrospective OCTs. 3 60-75 The outcome details and study characteristics for all the RCTs are provided in Table 1 . Study characteristics and outcomes for OCTs and CRs are summarized in Tables 2 and 3 , respectively. If details were extracted from the abstract only, this is highlighted within the respective table. Most studies also involved small sample sizes. There were six studies involving more than 100 patients of CEA. 3 25 34 50 61 66 The RCT with the largest sample size involved 81 patients. 57 
Clinical effectiveness
The clinical parameters of effectiveness of CEA over other analgesic techniques were studied only in a few trials. 55 There were no changes in the pain scores during swallowing, or in the total amount of fentanyl demands and consumption. For breast cancer surgeries, CEA was found to be equally effective as paravertebral block (PVB), with an advantage of providing full surgical anaesthesia. 59 In a Spanish report, a similar effectiveness of CEA as compared with axillary or supraclavicular block for upper extremity surgeries was reported. 58 As we could not obtain full study details, it was not clear whether they utilized the techniques for only analgesia, or a full anaesthesia. Among OCTs, only three trials looked at clinical benefits. One of the reports assessed the advantage of using CEA for thyroid surgeries with potentially difficult airways. 62 They reported airway difficulties and arrhythmias in six out of44 patients who had a GA, compared with successful use of CEA in eight out of nine patients. The nature of airway difficulty and factors affecting patient selection were however, unclear. 62 In another study, significantly less intraoperative blood loss was observed with radical mastectomies with CEA with 67% N 2 0 and 0 2 , as compared with normotensive or hypotensive GA maintained with enflurane with N 2 0 and 0 2 . 71 Reported in mean (), the blood loss was 401 (167), 644 (234), and 615 (218) ml; respectively in CEA, normotensive, and hypotensive groups. In a recent report using retrospective propensity matched analysis, it was observed that having CEA with GA nearly doubled [68%: 95% CI (57%-82%)] the chances of five-yr cancer free survival after laryngeal and hypopharyngeal cancer resections, when compared with GA alone [37%: 95% CI (25%-54%)]; resulting in an adjusted hazard ratio of 0.49 (95% CI, 0.25-0.96; P=0.04).
3
Rationale for the use of CEA
The reasons for choosing CEA in most comparative studies (Tables 1 and 2 ) involved assessment of physiological parameters of respiration and circulation including: circulatory haemodynamics, heart rate variability, spirometry parameters, diaphragm function, and combinations thereof. tested the differential effects of varying LA agents, or differing concentrations of LAs. Some studies tested the effects of specific drugs such as atropine, ketamine and phenylephrine on physiological parameters under CEA. Except for one study, 55 no comparative study assessed the effect of CEA, in terms of pain relief (immediate or long-term), decreasing postoperative complications, and improvement in patient satisfaction. Among the CRs, the most common reasons stated for using CEA were: assessment of the feasibility of its use; consideration for neurological monitoring in carotid artery surgeries; in patients who are at high risk for GA as a result of systemic disease or difficult airway; and also as possibly the best option for postoperative analgesia in upper limb surgeries. Interestingly, it was reportedly used to resolve postoperative intractable hiccups in two patients who had abdominal surgeries. 21 
Method of use
A large majority of studies have used it as the sole anaesthetic technique for a surgical procedure. Among comparative studies, three studies used CEA for postoperative analgesia with GA for the surgical procedure. 55 66 68 Among CRs, CEA was attempted as the sole anaesthetic in 36 /51 reports. However, the following four studies reported conversion to GA for various reasons: a tired patient was induced GA after two h; 8 two out of three cases required nitrous oxide (N 2 O) support, out of which one was cancelled because of decreasing consciousness; 26 one patient was intubated because of respiratory difficulty; 28 three patchy epidurals were converted to GA. 57 
Surgical indications
CEA has been used for various types of surgeries involving head and neck, airway, oral-pharyngeal-hypopharyngeal, thyroid, breast, shoulder, upper limb, hand and thoracic surgeries. However, the most common surgical indications were for carotid surgeries and upper limb surgeries. Importantly, most studies with large sample sizes involved carotid surgeries.
Technical considerations
Only a third of the reports identified the operator as experienced (n=26). Among the reports which mentioned technical details, sitting position was used in 18 reports, lateral decubitus in 16 reports, and prone position in one. Level of entry to epidural space was reported as: C7-T1 in 39, C6-C7 in 18, and thoracic in two. Unless mentioned, the report was considered as a non-image guided identification. Four reports used fluoroscopy for needle entry and space identification, 4 12 15 46 three other reports used postoperative x-ray for catheter tip identification. 5 57 65 Up to 10 reports identified the space using loss of resistance (LOR) technique to either air/saline, and hanging drop (HD) technique was utilized in 13. Three reports used epidural nerve stimulation to identify and introduce the catheter. [(n=1), 9 (n=1/3), 26 (n=1/50), 35 and (20% blocks at C4-5 were reported The routine performance of CEA for airway, oral and pharyngeal surgeries also does not demonstrate good rationale, unless decided on a case specific basis. The report on better cancer free survival in oro-hypopharyngeal surgeries is recent, and merits caution in its interpretation. 3 It must be remembered that many retrospective studies have reported on such a benefit with breast, prostate surgeries with mixed results in colon surgeries. However, subsequent controlled trials have shown negative results with prostate and colon surgeries. 80 81
The cervical epidural space (CES) extends from the fusion of spinal and periosteal layers of the dura mater at the foramen magnum to the lower border of C7 (Fig. 2) . 82 83 It is posterolaterally bound by thin laminae and pedicles. The CES itself contains fat, the dural sac (containing the nerve roots), blood vessels, and connective tissue. The CES is narrow, with a width of 3-4 mm as compared with 5-6 mm in lumbar spine. 83 In an MRI study of 100 patients, it was observed that the skin to epidural space was longer (5.7 cm) at C6-7 and C7-T1 levels, as compared with upper http://bja.oxfordjournals.org/ Downloaded from thoracic levels, and the distance from ligamentum flavum (LF) to dura averaged 0.3 cm (C6-7), 0.4 cm (C7-T1). 84 It is important to note that the spinal cord is enlarged at this portion-needing to form the brachial plexus, and it is within 0.4 cm from the dura mater. Most cervical epidural needles insertions are done at C7-T1, as the space gets narrower higher. Location of C7 could be difficult in thin patients, 85 and also those with large neck humps. 84 It is worth noting that more than 50% lumbar epidural catheters were placed at a level higher than assumed. 86 This tendency of anaesthetists to perform the neuraxial technique at a higher cranial level was also confirmed in higher thoracic and cervical regions. 87 The ligamentum flavum is thinnest at the cervical level, 82 being usually around 2-3 mm, and may not be completely fused in a majority of patients. 83 This was demonstrated in a study on 50 human cadavers and found that in C7-T1 alone, the incidence of midline gaps was 51%, which increased to 64% at C6-C7. 88 Some have preferred to access the CES from the upper thoracic segments, which perhaps has lesser technical risks. 5 14 Among the various methods of epidural space identification, hanging drop (HD) method and loss of resistance (LOR) technique were most commonly used for locating the CES. 88 Relying on LOR could be dangerous as LF is absent in a large number of patients. Hence HD method is commonly used, with the patient in sitting position. Flexion of neck increases the posterior dimension of CES and sitting position is supposed to increase the negativity of the CES pressure. 83 Age related decrease in compliance, transmitted pressure from a patient holding his breath, and lying down position can also interfere with identification of CES. CES pressure is always positive in the prone position and not uniformly negative in the sitting position. 89 The false LOR with non-image guide injection is quiet common in CES, with studies observing a rate of 53 to 76% in prone position, in chronic pain population. 90 91 Access to the CES can be made with the patient sitting, prone or in lateral decubitus. The advantages with the sitting position include: (a) higher probability of negative epidural pressure; (b) ability to drop down the shoulders for an improved fluoroscopic lateral view; and (c) the relative safety of patient tending to move forward, and therefore away from the needle, if there is a sudden movement. Disadvantages include potentially greater difficulty in dealing with a vasovagal reaction, and an inability to take (AP) antero-posterior views with imaging. Lateral decubitus positioning was observed to be better for catheter insertion. 92 In chronic pain practice, prone (46%), followed by sitting (35%) and lateral decubitus (10%) were the most common positions observed in academic institutes in the USA. 92 Considering the above challenges, there is a strong argument to be made for image guidance. However, a national survey in the USA reported that only 39% of academic practice institutions use fluoroscopy for cervical epidural steroid injections. Given that fluoroscopy is not commonly utilized in anaesthesia practice, it is not surprising that, only few articles reported its use for space identification. 4 13 15 46 The use of fluoroscopy is typically done with the patient in prone. Furthermore, it requires training in order to appropriately make adjustments to patient position, read and process the images. Although a lateral view, with good linear spread of dye, is the key to identify the entry to CES, it may be difficult to obtain. Hence, a contralateral oblique image provides a better alternative. Such considerations are provided more in detail in other articles. 92 93 Recently, there have been two reports of USA imaging being useful for CES identification. 91 94 Both report good correlation between skin to space depth and skin to dural measurement.
Systemic effects as a result of cervical blockade
Effects on respiratory system The respiratory effects result from the blockade of cervical segments C3-C5, which give rise to the phrenic nerve, and also possibly as a result of the blockade of the intercostal nerves and accessory muscles which could variably affect respiration. Most studies observe that CEA decreases tidal volume (TV), forced vital capacity (FVC), forced expiratory volume in the 1st second (FEV1) and vital capacity (VC). 18 56 Although Stevens and colleagues 18 did not find a decrease in maximum inspiratory pressure (MIP), it is most likely that MIP decreases-indicative of diaphragmatic weakness. 56 The parameters of Sa O2 ; Pa O2 also decrease, along with an increase in Pa CO2 . 56 59 72 As the ventilator responses to CO 2 remain intact, there is an increase in RR. 56 95 These decreases seem to be dose dependent and are relatively more compared with a high thoracic blockade. 56 72 However, most experimental studies observe that the decrease in respiratory parameters, possibly as a result of partial phrenic nerve blockade and intercostal muscle paralysis, become clinically significant only in patients with pre-existing respiratory pathology. 96 Effects on the circulatory system The effects on the circulatory system result from the sympathetic blockade along with changes to baroreflex sensitivity. Heart rate decreases from the blockade of cardio-acceleratory fibres, and also reflexively from diminished venous return through intracardiac stretch fibres. 27 Variable decrease in arterial pressure (AP), ejection fraction (EF), and cardiac index (CI) can also be observed. 65 As a result of compensatory vasoconstriction of the capacitance vessels in the unblocked area the changes to AP were also observed to be less, and the reduction in CI is more likely from decrease in HR, as decrease in stroke volume is not so significant. 65 The baroreceptor sensitivity is possibly decreased, without complete abolition. 23 64 The effect of atropine on HR, 66 and cardiovascular changes to swallowing, Valsalva, and coughing were also shown to be preserved. 27 However, the response to broncho-carinal stimulation was observed to be minimal. 68 It is most likely that CEA causes incomplete cardiac sympathetic block, 97 and clinically treatable hypotension and bradycardia could be seen in up to 20-30% of patients. 31 32 It is also important to note that the incidence of vasovagal attacks is higher in this group of population and mostly complicates the performance of the procedure. 96 Other systemic effects The most common and possibly an expected side-effect of CEA is bilateral sensory and motor block of the upper extremities. 83 96 The intensity and duration of motor weakness is dependent on the concentration of LA used, and at most times, observed to be shorter than the duration of analgesia. Nakamura and colleagues 41 looked at insulin secretion and abolition of surgical stress with CEA; they observed that there is a decrease in blood sugar concentrations accompanied with increased insulin secretion; however, the stress response was not completely abolished. Associated sympathetic blockade can cause Horner's Syndrome and nasal stuffiness which could be managed with nasal neosynephrine spray. 96 
Limitations
The major limitation of the review comes from the design and outcomes considered in the included studies. The efficacy of CEA in providing analgesia for surgeries within the targeted regions of the body is clear, quite similar to its counter parts at the lumbar and thoracic region. What is lacking is its demonstration of clinical superiority as compared with available techniques, primarily for providing postoperative analgesia, and secondarily to improve other outcomes such as decrease in anaesthetic requirements, perioperative cardiac and respiratory morbidity, and persistent pain. Unfortunately, most studies were not designed as comparator effectiveness trials. Secondly, the numbers of RCTs (considered as level 1 evidence) are limited. These limitations do not allow for any direct judgement or recommendations to be made in favour of CEA. As complications, technical failures or unsuccessful cases do not normally get reported; the possibility of publication bias, especially with case reports cannot be ruled out.
Conclusions
Considering the potential procedural risks, and its effects on cardio-respiratory systems, the practice of CEA suggests an unnecessary patient exposure, which could be easily avoided by better anaesthetic and analgesic choices. The evidence and observations from this review suggests that the clinical use of CEA must have a strong rationale-mostly supported by unique patient demands and surgical requirement. Based on the present evidence clinical use of CEA can only be considered in extensive carotid artery surgeries and possible oral-hypopharyngeal cancer surgeries. As there is no reasonable clinical equipoise to favour the choice of CEA in routine clinical cases, it would be challenging to defend a technical mishap, or a poor anaesthetic outcome. There is need for controlled studies with appropriate and clear patient selection. Future studies must also aim to be comparative, and should focus on patient relevant outcomes, and parameters of clinical importance. At all times, CEA must be attempted by an experienced anaesthetist, who is cognisant of the technical challenges, and comfortable with the appropriate and safe use LA within CES. 
